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Research in normal operational environments indicates that the formal requirements for the
aircraff maintenance system are frequently not fully or effectively implemented in practice,
this gives rise to a pervasive ‘double standard’ with no effective means of reconciling official
and unofficial operational practice. A systems strategy for human-centred management in
aircraft maintenance is being developed in a number of European projects, which adadress
issues of design, planning, operational practice, monitoring, change and competence.,

he primary elements governing

the Furopean aircraft mainte-

nance svslem inciude the Joint

Aviation Requirements (JAR)

and the Air Transport Associa-
ton's {ATA) specifications for mainte-
rance documentation.

JAR 145

The framework of JAR 145 regulations
i~ built around the philosophy ot grant-
iy approval to maintenance organisa-
t ons which have an adequate manage-
rnent system to ensure sa fe operations.
Thus the regulator only indirectly regu-
l1tes the satety of the operation - the
rasponsibility is on operational and
cuality management to ensure satety. In
rarticular this devolution of responsi-
Lility for safetv and airworthiness is
cypressed through the vequirements to
cesignate an accountable manager and
t1 have an independent quality system
vhich includes a feedback svstem Lo
vnsure corrective action,

The manufacturer

The principle specification refevant to
raintenance documentation 1s ATA
<aecification 100 which sets out guide-
I'nes for the manufacturer for produc-
i1y maintenance documentation, such
tiat “the Aircraft Maintenance Manual
( AMM] shall provide the necessary pro-
codures to enable a mechanic who s
Untamiliar with the aircraft to maintain
tiwe aireraft properlv.” Manufacturers
are also particutarly  concerned  to
casure that documentation is compre-
Fensive accurate and up o date.

The maintenance organisation

The Maintenance Fxposition Document
is compiled in compliance with the regu-
fations of the European Joint Aviation
Authorilies  governing  maintenance
arganisations {JAR T45). The document
contains the company’s formal informa-
tion on Maintenance Management {i.c.
roles, responsibilities, accountabitities),
Maintenance Procedures (Line, Light and
Base], and Quality Systems Procedures,

The maintenance technician

The maintenance technician operates
under a set of approvals to undertake
maintenance work on specitied aireraft
tvpes, and to certify that the work has
been carried out according to the correct
procedures. The basis of this is the corti-
fication of competence in compliance
wilh Lthe requirements of JAR 66.

How does the
organisational system
work in practice?

The ADAMS project provided  the
opportunity to studv the functioning of
four European aircraft maintenance
arganisations. Unless otherwise stated
the research discussed below is reported

in McDonald et al. |1]

Quality and safety

Auditing practices vary widelv between
different mainlenance organisations and
national aviation authorities. While all
arganisations place emphasis on effec-
tive auditing of documentalion, some
audit fixed facilities and resources, but
few attempt to audit how work is actu-

ally done. There are no common audit-
mg standards.

Few gquality-reporting svstems work as
thev should, particularly in dealing
with human factors information. Some
organisations are only starting to imple-
ment a quality discrepancy reporting
svstem, and either it only covers part of
their operation or manv technicians are
not aware of its existence. For some it Is
not seen ko be sutficiently independent
of the disciplinary process to be fullv
trusted. For others there is a large vol-
umne of reports which give rise to a back-
log and long delays on responding. Part
of the prablem is reported to be getting
managers to take responsibility for deal-
mg, with reports when they have other
more pressing matlers (o attend to [2].
Organisations are not learning from
their incidents. Following incidents or
accidents, it is critical to future satety
that organisations learn from what has
happened and implement change to
present similar incidents occurring,
This is particularly true of the human
and organisational factors which con-
tribute to incidents. 1t is hard to find
mformation on cases where learning
and change has occurred. The Case
Study on “Organisational learming from
incidents” 2] demonstrates that, often,
despite focused etforts o solve the
problent, incidents mav have to occur
several times before effective change
happens. Organisations are rarely svs-
tematic in their follow-up to non-techni-
cal aspects of incidents, specifically the
implementation of recommendations,
the monitoring of their effectiveness in
addressing the  problems  thev are
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designed to change and ensuring that
l\nnnk -on pmb]vms are avoided.

Planning and organisation

For many companies, the traditional func-
tional organisation with an established
hierarc! maJ structure and areas of special-
isation dictates a top-down process of
planning and organisation. For example,
the Engineering department oversees the
higher order and long teem planning and
produces the maintenance schedule (MS)
for each aircraft. The Planning department
receives the MS from the Engineering
department and produces, certifies and
dispatches work-packs required to accom-
plish  scheduled  maintenance.  The
scheduling section in the Production area
then receives the work—packs from the
Plarning Department and further breaks
the packs down mto the daily work. On
completion of the checks on the aircraft the
Planning department then audit and
maintain the work-packs and any other
records for the aircraft, This tnpAdm\'n 8ys-
tem tends not to be flexibly responsive to
the needs and problems of the production
system because strong organisalional
boundaries and little opportunity for feed-
back prevent the effective co-ordination of
work,

Some organisations are trying to move to
a muore process-based organisation that
in effect calls for the bn‘ak down of tra-
ditional departmental barriers in which
the overall planning process is cross-
functional. Thus, while engineering,
planning and material departments still
exist, the planning process involves the
integration of these to oversee the plan—
ning of long term and day to dav main-
tenance activities. The planning and co-
ordination of daily work take p[au' with-
in production contrel centres located in
the hangars. The make up of the predue-
ticn control centres brings together func-
ticns proviously carried cut in planning,
materials and engineering.

Quality of documentation

In most of the organisations studied, the
quality of the documentation available
to the maintenance technician {especial-
by through microfilm readers and print-
ers) fell well below basic ergonomic
standards. Lven where modern CD
ROM systems were available they were

not often used. Training was rarely pro-
vided in their use. On the other hand
every technician will admit to using
‘black books' - unofficial documenta-
tion. This documentation 1s not avail-
able te scrutiny or inspection because of
its illegal s tatus.

Compliance with procedures

Maintenance engineers completed 286
questionnaires afler they had completed
a lask. The questionnaire sought pri-
marily to discover the normative level
of deviation from task procedures, as
well as inquiring into the reasons
behind this non-conformance. 34” of
respondents reported not-following the
official procedure for the task. The most
COMMON Teason mwn was that there
was an casier wav than the official
method (43"} followed by 43%, saving
there was o quicker way. A number of
faclors which were related Lo increased
likelihood of non-conformance were
identified. Those individuals who con-
sulted the manual but did not tollow the
otticial method were significantly more
likely to report that:
+ the task card was unclear;
+ the necessary steps to mmplvt(‘ the
task were unclear;
¢ o have emploved guesswork or trial
and error;
* to report hat the maintenance histery
was desirable but unavailable.

Major incidents
Increasingly,
dence from major
incident and  acei-
dent enquiries (|3,

evi-

[4]. 13]) is implicat- e

vestigators and the authorities, it 1s diffi-
cult to know whether the recommenda:
tions from investigations have been
implemented and, whether ¢
have been effective 6],

It S0,

Implications
of the evidence

What inferences about the normative

system of aircraft maintenance can be

made from these disparate ebservations
about how it is practised? Several gen-
cralisations stand out:

¢ fer many organisations the top-down
nature of their planning svstems
means that they tend to be relatively
unresponsive to the short-term requi-
tements of production. There is little
oppertunity for feedback and orgeni-
sational boundarics mhibit effective
coordination:

o while virtually evervone admits using
unofficial documentation, otticial doc-
mentation is not p!‘L‘bt‘ﬂft.‘d inaway
that meets the needs of the user;

¢ by common admission, work i ron-
tinely done not according to the
L'L'quirvmcnts of the maintenance
manual. This is particularly the case
when task 1'equir'vmu nts are not clear;

¢ [ew  organisalions  systematically
attempt to monitor how work is actu-
allv carried out, being more con-
coerned to ensure that the documenta-

ing failures at an .

. . o ol
organisational and Desian

: . .

regulatory level. OF /7 4—‘( Change

. - 4 s
particular concern / Planning und .
are situations where ( arganisalion
there have been a * ’
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exhibiting  similar R pertornnuice N

underiving organi-
sational problems,
while the immedi-
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be quite different.

For the official in- managerment

Competence

Figure 1. A systems approach to human cenired
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tion is signed off in order;

» quality systems do not, in general,
provide an effective method of gath-
ering feedback, and, even when they
do this, they do not provide a means
of ensuring corrective action;

» there is no transparent system (either
within organisations or invelving
official national agencies) tor demon-
strating effective response to inci-
dents through implementing recom-
mendations designed to prevent sim-
ilar incidents happening again.

The double standard

Putting this evidence together leads

mexorably to the following conclusion:

* there are two parallel systems of work
in operalion - an olfi cial one, and the
way in which work is actually being
carried out. These two may overlap to
some degree; however, there are con-
siderable arcas of divergence;

* there are no currently eftective mech-
anisms for reconciling discrepancies
between these twe svstems, whether
in terms of immediate feedback and
adjustment, auditing how work is
performed, quality reporting, or
response to incidents.

This can only be described as a ‘double

tandard’. The ‘official standard’ for task

serformance has a strong paper Lrail
rom the manufacturcer to the mainte-
ance organisation and back, through
wdiling, to lhe nalicnal authority, The
actual standard” relies on unofficial doc-
imentation and informal work practices.

Ve should not infer that this system is

nherently unsafe. 1t certainly lacks the

Tansparency which might give an inde-

sendenl observer umhdence in the sys-

em. Thus, technicians believe that there
ften are better and quicker ways of
loing task than those they understand

10 be officially sanctioned by the manu-

il [tis not very difficult to find instances

f where this is the case when one exam-

ines task performance and documenta-

don int detail. However it is also possible

‘0 highlight instances where unofficial

methods are pursued in apparently

mappropriate circumstances.

lhus, in so far as unofficial methods may

s inherently worse than official meth-

ads {which come with the authority of

the designers) the system may be inher-
ently unsafe In so far as such mothods
may be better than the official methods,
the system may be much safer through
using the experience and judgement of
professional technicians. Either way, it is
clear that the system does not allow for
effective leamning so that the system as a
whole can be made both more safe and
efficient. We should be cautious, howev-
er, because even if we believe in the effec-
tiveness of unofficial checks and bal-
ances in maintaining svstem safety, this
may be true enly for a stable system.
When such a system is subject to exter-
nally produced changes (new technolo-
gy, change in organisation or personnel)
the implications for safety will be very
difficult te predict, and minor, apparent-
ly innocuous changes in technology,
organisation or personnel may have pro-
found consequences for safety.

A systems approach

One of the main conclusion of the above
is that a systematic approach to ensure
feedback and learning throughout the
maintenance system is (rssonhal_ We can
express the requirements of a Human-
Centred Management System as a set of
core assumptions as follows:

* design, plan and organise operations
to the best possible standard;

+ adapt and adjust to deal with unfo-
reseen situations, and leamn from ex-
perience;

* creating the conditions for optimal
task performance is necessary for
safety, reliakilitv and efficiency.

Components of this generic approach

are illustrated in figrre Tand the tollow-

ing paragraphs outline how various

RTD initiatives, which have been devel-

oped in response to this analysis,

address the elements of the diagram.

Design for maintainability

The development of design for main-
tainability guidelines and the integra-
tion of these guidelines into design tools
and standards is one of the main strands
of the work-programme of a new pro-
ject under the CSC Acronaulics pro-
gramme - ADAMS-2 - Human centred
svstems for aireraft dispatch and main-

SAFETY

tenance safety. This is due to run
between 2001and 2004.

Planning and organisation
Many of the key findings and recommen-
dations of the ADAMS project were con-
solidated into a Guide to Human-
Centred Management in Aircraft Main-
tenance, This includes best practice
euidelines for human factors in mainte-
nance and an outline of how these topics
relate to the requirements of JAR 145, A
case studv on flexible planning illustrates
some requirements of the effective co-
ordination of maintenance operations.

Operational performance
Developing an in-depth analysis of the
task and professional skills of mainte-
nance operations is one of the basic
requirements underlying the possibility
of developing more effective human-
factors interventions. This has been a
core task of an IST-funded project with
the acronym AITRAM, as well as com-
prising an impaortant strand of ADAMS-
2. In the latter the development of a
methodology for the assessment of crit-
ical professional skills will enable sys-
temalic comparison of different occupa-
tional groups. Cognitive task analyses
of key mainterance tasks will comple-
ment this work. This will lead to a
generic understanding of task and pro-
fessional skills requirements, which will
feed into design guidelines, auditing
and event analysis methodologies and
training specifications.

Monitoring and change

Scveral paralle] initiatives address the
requirements  for  monitoring  and
change. ADAMS-2 will develop a set of
demonstrator quality auditing method-
ologies at the level of task performance,
professional skills and organisational
reliability systems. A separate project is
dovolopm;1 a continuous improvement
system spanning both the maintenance
organisation and the aircraft manufac-
turer (AMPOS - Aircraft maintenance
procedure optimisation system - Esprit
programme, 1999-2001). This Comprises
an IT-based methodology for processing
and managing cases. An organisational
framework for managing thc improve-
ment pracess has been developed in
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bath organisations. Results so far have
demonsirated that even simple cases
involve complex selutions - organisa-
tional mechanism need to be in place to
ensure that rccommendations are cffec-
lively implementc‘.l and rux‘iewﬂ

the achievemenls of ADAMS
was to develop an Occm‘rmwc report-
ing form”and error taxonomy. This will
be further developed in ADAMS-2 as a
comprt‘lwnsi\‘e prototype event-man-
agement system. This will incorporate 2
risk-asareness and  management Sy
tem built around incident reporting and
risk management prototype databases.
The ebjective here Is not just to support
the processing of individual events but
to facilitate a strategic approach to risk
mdnagernent,

One of

Competence

[raining to develop human factors com-
petenee is, of course, one of the clements
which is critical to successtul implemen-
tation of the different components of a
human-centred management. Building
on the nitial findings of the ADAMS
project, initiatives to develop, imple-
ment and evaluate training have been
pursued at three fevels:

¢ a core human factors traming pro-
sramme adaptable for training for
training technicians, lrainers, super-
visors and managers has been com-
pleted in the STAMINA project
{Leonardo programme);

¢ 4 cost-effective approach to ensuring
effective human  factors  training
requires the integrating human fac-
tors inke technical training. AITRAM
(IST programmey) is developing a vir-
tual reality environment to demon-
strate how this should be done;

» developing competcncu n-depth for
human Tactors speciallsts is critical o
ensuring that the opportunitivs tor
changge are taken, and that human fac
tors programmes are etfectively man-
aged. The STAMP project (Leonardo
programme) is developing accrediled
training courses for such specialists.

Strategy for change

IFhuman factors programmes are to be

muore successful i the future than they
have beenin the past, then they need o

offer a slrategic vision not only of what
benefits thy can bring to the organisa-
tion, but also of how to achieve these
benefits. A major strand of the ADAMS-
2 project is to develop an organisational
model of the implementation process
for the tools and methodologies devel-
oped in the projects described here. In
parallel with this a strategic cost-benefit
model will be developed. Both the
organisational and cost-benefit models
will be tested and claborated through
implementation case studies.

Conclusion

The ADAMS project has documented
major deficiencies in how the aircraft
maintenance system manages non-tech-
nical (human factors) information.
These deficiencies can be characterised
as a double standard - an official way of
working, which is pubiicly acknowl-
edged, and an unofficial way in which
much maintenance work is actually
done. Breaking down this double stan-
dard will require a comprehensive sys-
tems approach. Projects building on
ADAMS are developing new h_mls and
methodologies to support o co-ordinat-
od strategy to improve design for main-
tainability, the planning and organisa-
lion of work, meniloring of operational
performance, and change in- mainte-
nance systems and operations., [ |
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